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TABLE I 



VPPLICATION 



Service 



Motion 
Picture 
Theater 



Type of Projector 



Standard Theater 
Motion Picture 



Mazda Lamp 



900-watt, 30-amp. 



Approximate 

Limits 
Picture Dis- 
Width tance 

(Feet) 



16 



100 



Kdueationat 



School and Church 

Auditorium 

Large Lecture Room 

Large Lodge Hall 



S c h oo 1 

Lecture Room 
< lass Room 
Sunda> School 
Small Lodge Room 



Home 



[Standard Theater 
Motion Picture 

Semi-Portable 
Motion Picture 

Stereopticon 
(Glass Slide) 

Semi- Portable 
Motion Picture 

Portable MP. 
(35 mm. Film) 

Portable M. P. 
(16-mm. Film) 

Stereopticon 
(Glass Slide) 

Stereopticon 
(Film Slide) 

Projector for 
Opaque Objects 



Portable M. P. 
(16-mm. Film) 

Stereopticon 
(Film Slide) 

Combined 
Stereopticon aud 
Opaque Projector 



900-watt, 30-amp. 

/900-watt, 30-amp. 
\ 1000-watt, 115-volt 


16 

12 
8 


100 

80 
60 


/ 1000-watt, 115-volt 
[500-watt, 115-volt 


14 

12 


100 

75 


/900-watt, 30-amp. 
[1000-watt, 115-volt 


12 
8 


80 
60 


500 watt, 115-volt 


8 


50 


/200-watt, 115-volt 
(200-watt, 50-volt 


4 
4 


20 
25 


/1000-watt, 115-volt 
1500-watt, 115-volt 


14 

12 


100 

75 


f 200-watt, 115-volt 
\50-watt, 115-volt 


5 
3 


25 
10 


/ 1000-watt, 115-volt 
1500-watt, 115-volt* 


• ■ 

• • 


30 
15 


[200-watt, 115-volt 
J 200-watt, 50-volt 
100-watt, 115-volt 


4 
4 

3 


20 
25 
IS 


/200-watt, 115-volt 
[50-watt, 115-volt 


6 

3 


25 
10 



500-watt, 115-volt 



12 



75 
2:> 



RuBine&tt 



Traveling 
Exhibitor 



Portable M. P. 
(35-mm. Film) 

Portable M. P. 
(16-mm. Film) 

Advertising 
Stereopticon 
(Glass Slide) 

Advertising 
Stereopticon 
(Film Slide) 

Advertising M. P 
Projector 
(35-mm. Film) 



i-Portable 



500-watt, 115-volt 

200-watt, 115-volt 
200-watt, 50-volt 



1000-watt, 115-volt 
500-watt, 115-volt 



H 

4 
4 



10 

8 



50 



20 
25 



60** 
40** 



/200-watt, 115-volt 


6 


2:> 


\50-watt. 115-volt 


3 


10 


[900-watt, 30-amp. 


12 


T5f 


UOOO-watt, 115-volt 


8 


60 


[500-watt, 115-volt 


8 


50 


900-watt, 30-amp 


12 


80 


600-watt, 20-amp. 


8 


70 


1000-watt, 115-volt 


8 


60 



* 500-watt lamp sufficient when translucent screen is employed. 

** These limits assume use in brightly lighted districts, where extraneous light falls on screen. 
In dark districts, or where no stray light falls on the screen, the limits are those for \Sleroptieon 
((■lass Slide. ) 

t Outdoor application. 

The table on page 42 shows the correct lamps for use in the 

equipments of various manufacturers. 



Picture Projection With MAZDA Lamps 




The use of Mazda lamps for the projection of motion pictures in 
theaters is attended by numerous advantages. They are simple and 
economical in operation; they dissipate a minimum amount of elec- 
trical energy and they produce neither fumes nor gases. They may be 
used to advantage in theaters of small and medium size and are practi- 
cally universally employed in projection equipments used outside of 
the theater. 

The projected picture is characterized by an agreeable softness; the 
harsh contrasts that have so often defeated on the screen the finer 
qualities of the producer's art, are minimized; the proper relative values 
are given to all parts of the picture. The light is evenly distributed 
over the screen and is of constant intensity. In color it includes the 
entire range of the visible spectrum and hence it is adapted to the 
projection of colored pictures. 

The use of motion pictures in fields outside of the photoplay house 
is becoming widespread. So popular is this form of presentation that, 
together with slide projection, it has brought about a new technique in 
education, has become a valuable aid in selling, and is rapidly develop- 
ing into a larger factor in home recreation. 




Fig. 1 — The variety of small cameras now available have made 

amateur movies a fascinating hobby. 
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Some standard theater motion picture projectors fitted with 

incandescent equipment. 
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Typical semi-portable and portable motion picture projectors using 

35 num. film. 
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pictures by reflected instead of transmitted light. Two lamps are em- 
ployed for best results, one at either side of the copy, each fitted with 




Fig. 2 -Standard width (35 mm.) film Fig. 3.— A stack of 50 standard -lass 
compared with 16 mm. him; each roll s |j ( ] e8 compared with a 50-frame him 
contains 8,000 pictures (6-8 minutes ro ]] 

projection). 

a mirrored reflector. Only a small percentage of the light is reflected 
through the projector lens and the equipment must, therefore, he placed 
close to the screen, — its application is limited to relatively short pro- 
jection distances. 

Some of the requirements of the several fields are of interest, and 
are discussed on the following pages. 

The Educational Field 

The projection requirements of large school or church auditoriums 
are practically the same as those of the theater. Projection distances 
lo 100 feet or more and 14 to 16 : foot pictures are encountered. The 
qua! it \ of projection should be practically on a par with that of the 
theater, although the work is usually done by one of the students less 
experienced than the theater projectionist. For the smaller auditoriums 
and halls, the less expensive semi-portable equipment proves adequate. 
The 1000-watt, ] 15-volt lamp is most often used arid no auxiliary control 

equipment is then required. For class rooms and smaller lecture halls, 
the light weight, compact portable equipments are especially conven- 
ient. They may be carried about from room to room as readily as a 
suitcase and they produce excellent pictures for such locations. The 
projector using the narrow 16-mm. safety film is found satisfactory for 
the small class room and, with the wide range of subjects available for 
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Several of the popular 16 mm. portable motion picture projectors. 
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ing 

itv. 




Fig. 4 — An ideal class room arrangement, a stereopticon 

projector and translucent screen. 



films of this 
width, these little 
equipments are 
rapidly increas- 
in popular- 
The equip- 
ments em ploying 
this narrow film 
are of especial 
value to those 
who wish to take 
and to project 
eir own inc- 
lines. 

Some man u- 
faeturers of port- 
able projectors, 
realizing the 

value of project- 
ing a single still 

picture to permit detailed study, provide their equipments with filters 
01 other devices which make it possible to stop the film without over- 
heating it. But for many classes of instruction separate lantern slide 
projectors are needed. For these equipme its the 1 OOO-watt, 115-volt 
lamp provides excellent projection in an auditorium of almost any 
>ize. For the class room, Sunday School and average lodge room-, ihe 
500-watt lamp of this voltage class is sufficient, because relatively less 
screen brightness is required when the audience is close to the picture. 

The more compact and easily portable film slide projectors find ap- 
plication in the small ( lass room, although as was stated previously, it 
is not possible to project as large or as bright a picture as with stand- 

Their lower cost, simplicity, low cost of operation, 
and the possibility of storing a great number of pictures or lecture 
series of pictures in a small space, are features not to be overlooked in 
(he selection of stereopticon equipment. 

The opaque projector has an important application in lecture and 
class rooms where it is desired to project maps, drawings, postcards, or 
illustrations from the pages of a book. The 1 OOO-watt lamps are 
normally required in this equipment when used in the school room, and 



aid glass slides. 
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I spiral stnvoptiron film s-lide projectors. 
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projection is satisfactory at distances of up to 30 feet. If the translucent 
type of screen is employed, satisfactory results are obtained with 500- 
watt lamps, or for larger audiences with the 1000-watt lamps. 

The Business Field 

Motion pictures of a manufactured product, the manufacturing pro- 
cess, or the application of that product, have proved of great benefit in 
selling, with the result that many firms are providing their representa- 
tives with motion picture film and suitable projectors. Projectors of 
the portable type using either the 35-mni. or 16-mm. film are light in 
weight and give screen illumination sufficient for this service. 

The compact 16-mm. film projectors, because of their extreme port- 
ability and lower cost, are winning much favor in this field. Often a 
small screen is carried in or attached to the projector carrying case, or 
a light colored wall serves instead. The illumination available with 
16-mm. film equipments is, of course, inadequate for showing pictures 
to large groups. Here the portable or semi-portable equipments using 
35-mm. film must be employed to obtain satisfactory results. 

The film slide projectors are also used extensively. Almost an 
unlimited number of pictures may be conveniently carried with the 
projector in the small carrying case, or inside the projector itself in 
the case of the self-contained, or "suitcase" type. Here again, when it 
is desired to show slides to large groups, the additional illumination 
obtainable with standard glass slide projectors is needed. 

There is an increasing use also of automatic projectors for electrical 
advertising* Equipments available for this purpose are capable of 
projecting a large number of pictures or messages in succession. The 
series may be repeated continuously. Moving letter sign projectors 
using an endless band of film or tape are also available for this service. 
These equipments are applicable wherever there is a circulation of 
people, and are sometimes placed on the top of a building located at a 
point of high traffic circulation. The attention-compelling power of the 
motion of one picture being replaced automatically by another is w r ell 
recognized. 

For the lecturer, entertainer or salesmen in locations where no 
current supply is available, manufacturers have provided a small 
generator which may be attached to the engine of an automobile. The 
gasoline-engine-driven generators of the type used for country-home 

13 
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lighting aie also employed, and lamps of the 28-32 volt range used with 
them. A range of light sources suited to all conditions is available. 




Fi^. . r ) \ \>\,u] demonstration is a powerful ai<l in selling. 

I Ionic 



Much oi the fascination <>1 home motion picture entertainment comet 
from showing pictures of one's family or friends, of the children at 
play, (amil\ picnics, travel and sports. The 35-mrn. film is sometimes 
u^i\ f<»i this purpose, hut because of llie relatively high cost of nega- 
tive film, positive him. and their necessary development, the narrower 
L6-mm. Width him i- now being used almost entirely. There are exten- 
sive 1 1 1 m .trie- of 16-mm. film sul)jects especially suitable for home use, 
lt<. tu which films ma\ he rented or purchased at a reasonable price. 

f>\ means «.( a recently introduced simple and inexpensive process, 

the amateui can now photograph and project his movies in true color. 

1 bis new development involves the use of three-color filters on the 
camera and projector, and an ordinary appearing black and white film 
having minute cylindrical hm-es embossed on the surface opposite 
the enmUion. The positive obtained by the reversible process. Due 
tc iIm light absorption by the three-color fillers, the color pictures can 
he taken onl\ in bright -un J ijj lit. The projection requirements are 
similarly greater : the projector must have an efficient optical system 
and mutt use a light source- of at least 200 watts rating. Since it is 
not at proem commercially possible to make duplicates, these color 
pictures arc employed only in home equipments using 16-mm. film. 
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Inexpensive opaque, or postcard projectors arc especially popular 
with the children and provide instructive entertainment in the home. 
The 500- watt lamp provide- ample illumination in opaque projectors 
for this service. 

The recently introduced camera- taking •Snap-hots" on standard 
35»mm. motion picture him will probably lead to an increasing u -e of 
the film slide projectors in the home. Instead of having print- made on 
ordinary paper, a roll of positive him can he mad. from the exposed 

negative. The -nap-hols ran then he projec ted to -i/ahle pu n,,,., on the 
screen. Thus an interesting record ran he kept ot the t.-hin-j camp 
ing trip, the vacation 01 other to be remembered experience-. Such a 
record make- an excellent -upplement at low cost to motion picture* 
taken with the home motion pirture camera. 



Maximum -ah-ladion r- realized when each elemenl in the- projec 
tion system designed and adjusted lor the incandescent light -our.r 
lu this bulletin the following -uhject- air lhn.lore di-cu-sed: 




ie optical piinciple- involved in the projection 

• •I pi« lures hv means ol \l v/nv lamps 

2. I he properties ol the t omponenl optic. il elements; 

3. \l v/nv lamps arid thru <<>i in t tppln ations; 
I Projector equipment. 

PRINCIPLES OK I'KOJM HON 

Ophcullv, apparatus for motion pirture projection with \l\/ov 
lamps comprise- essentially a light source am! condensing b-n-. a 
photographic print on a transparent dim, a projection ohje. live ler.s, 
and a -cieen, supplemented hv a rotarv -hutlei. an aperture plat.-, 
and a mirrored reflector. Ih.-r optical element- ire shown in their 
respec tive positions in Kig. (». The optical sy-teni of the lantern slide 
projector differs from that of the motion pi, hue projector in the si/e 
and position of the aperture, in tfie . on-equenl -pa. in- of the element-, 
ami in the omission of the rotarv shutter l Ki". 7). 

A motion picture projec tor has, in addition, tin- rue. haui-m for 



rapidly bringing successive pictures into position at the aperture and 
stopping them for a fraction of a second while thev are projected as 
enlargements on the screen. These follow ea. h other -o rapidlv i tonally 



doe- 



IS 
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FILM 




f 

MIRRORED 
REFLECTOR 






^ CON HEN3EP. 
LIGHT 50URC2 



AP t RTURE 




ROTARY SHUTTER 
PROJECTION 

OBJECTIVE 




MIRROR LAMP CONDENSER APERTURE OBJECTIVE 

LENS v LENS 



Fig. 6. — Essential optical dements for motion picture projection with 

Ma/da Lamps. 



Mirrored 

reflector 



source 




Q«de operture 

Double Piano 
Convex -condenser* 




Projection objective 
lens 




Fig. 7.— The optical elements of a stereopticon projector. 
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individual pictures, but apparently beholds the motion in the scene 

photographed. 

The refractive properties of glass, that is, the power to bend light 
rays and control their direction by the contour of the glass surfaces, are 
utilized to direct the rays from each point on the picture to a corres- 
ponding point on the screen. This operation, resulting in a defined 
image, is known as focusing. The combination of glass elements used 
to accomplish focusing is known as a projection objective lens. Such 
a lens produces an image only in one plane and its distance from the 
lens depends upon the contour of the glass surfaces, as well as upon the 
distance between the object and the lens. (See Fig. 9.) 

The area of the image on the screen in motion picture theaters is 
usually from 25,000 to 60,000 times that of the print on the film. 
Moreover, the projection lens absorbs some of the light, and nearly 
one-half of the remainder is absorbed by the rotating shutter, with the 
result that the quantity of light passing through a unit area of the film, 
vwn when all of it is directed to the objective, must be from 70,000 
to 170.000 times that received by each unit area of screen. 



Fig. 9 — The Projec- 
tion Lens — Light 
reaching any part 
of the lens from a 
single point on llie 
arrow is focused at 
only one point on 
the screen. 
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In order that a given point on the screen may be illuminated and an 
image formed, light source area must be disclosed on looking back from 
this point through the projection lens and a corresponding point in the 
film. In order that the illumination over the entire screen may be 
uniform, equal areas of light source must be disclosed from each point 
on the screen. Inasmuch as the light rays cross, so that, for example, 
the upper part of the film is projected to the lower part of the screen, 
the apparent area of light source provided must be greater than that of 
the film by an amount depending upon its distance behind the film. 
Thus the source AB of Fig. 10 would be of sufficient size. 

It happens that there are no sources which of themselves direct more 
than a small percentage of their light into the small angle included by 
the projection lens. Moreover, the heat radiated and conducted from 
the source in Fig. 4 would unduly raise the temperature of the film and 
its guides. Here again the refractive properties of glass may be 
employed to intercept the light emitted through a wider angle from a 
small source placed back from the aperture and to direct it through 
the film to the projection lens. By the proper design of the curvature 
of the faces of such a condensing lens it can be made of relatively 
large diameter with respect to the source dimensions and thus become 
both a large apparent source and a means of utilizing a large amount 




Fig. 10 — Source Size Requirements— Source AB must be larger 
tiian the aperture to send light through a point at the edge of the 
aperture and through the full opening of the objective lens. 



of the total light flux. The diameter of the condensing lens for various 
distances from the film is determined by the requirement that for 
uniform screen illumination equal areas of the lens must be visible 
through the optical system from all points on the screen (Fig. 11). 

The converging beam from the condenser forms an image of the 
source at the point where the rays cross: as this image is at or near the 
narrowest part of the beam the aperture should be placed at this point 

18 
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in order that the greatest amount of light may pass through it, for with 
sources employed in practice the cross section of the converging beam 
from the condenser is, even at its narrowest part, usually equal to or 
greater than the area of the film. If the source is not of uniform 
brightness, the film placed at this position will not be evenly illu- 
minated. Such a case is that of the incandescent lamp with the several 
filament coils separated by narrow spaces; however, if a spherical 
mirrored reflector is placed with its center of curvature approximately 
at the source it may be adjusted so that the images of the coils fall in 
the non-luminous spaces. The source then becomes in effect sufficiently 
uniform to permit the aperture to be placed close to the image position. 

By the addition of the mirrored reflector a much larger proportion 
of the light from the source is utilized. 

The aperture plate is a metal plate with an opening slightly smaller 
than a single picture of the film, and serves to limit the light beam to 
the single picture being projected. 

With the intermittent mechanism commonly employed for moving 
the film, the picture is in movement from one-fourth to one-fifth of the 
time. When twenty pictures are projected per second, this means that 
approximately one hundredth of a second of movement is followed by 




Fig. 11 — Condenser Size Requirements — For uniform screen illumi- 
nation, the size of the condensing lens must be such that equal areas 
of uniformly bright light source are seen on looking back from any 
point on the screen. 



four hundredths of a second with the picture in place. If the light were 
allowed to reach the screen during the period of movement, flicker and 
blurring of the picture would result. Provision is, therefore, made for 
cutting off this light by means of a rotary shutter. If the light is cut off 
twenty times per second, blurring can be obviated but flicker persists. 
Rotary shutters are, therefore, employed with two or three blades, so 
connected with the mechanism and of such width as to cut off the light 
from the picture while it is in motion and to interrupt the light similarly 
at regular intervals in between. With these higher frequencies of 
interruption, flicker is substantially eliminated. 

19 
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PROPERTIES OF THE COMPONENT ELEMENTS 

Light Source 

Since the 35-mm. film aperture and projection lens present openings 
of considerable area, there is no necessity for keeping the light source 
unduly small. The maximum size of source which can be employed 
effectively with a given optical system is dependent on the refracting 
power of the condensing lens, the size of the aperture opening, the 
size of the projection lens, and the distance of the aperture from the 
condensing and projection lenses. A source of size AB, Fig. 12, projects 
a beam A'Bf at the aperture, all of which passes through; the larger 
source CD will send a greater amount of light through the opening, but 
[he source EF produces a beam E'F f at the aperture so large that but a 
small part passes through and the remainder of the light is wasted. 




Fig. 12 — For a given condensing lens, the size of the beam at the 
aperture plate is proportional to the size of the light source. 



The curve of Fig. 13 shows the characteristic relation between source 
size and screen illumination of an optical system commonly used in 
motion picture projection. If the energy required for the source is in 



Fig, 13 — Charac- 
teristic relation be- 
tween source size 
and screen illumi- 
nation for an incan- 
descent lamp mo- 
tion picture projec- 
tor using 35-mm. 
film. Source of uni- 
form brightness — 
wattage increases 
with light source 

area. 



A .Z .3 .5 £ .7 .6 .9 i.O 
Dimer\sior\s of Square Li©kt Source- IrxcKes 
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Curve A Curve B 

Kig. I V Light iliMnhution from watt »0 ampere 

lamp. A DiHiriliutiori in horizontal |>!am- It I hitributmn in 
vrrtu al plane 

proportion In I fir ronrre ana, il ir rv idenl that rai h km r ♦ m» fit in roeen 
1 1 1 1 1 1 1 1 i i u 1 1 i o r i ohtairied at .in in< n \i-ang a>-\ for eneigy. 

The li^lit *oiirre m t fit- \l\/i>\ Limp loi pntim . r ion nunhh 

ol parallel srjjiiirnh ol roiled tun^lm wu«- I fir u^t- ..I i heavy win 

(hi^h etirrent, low voltage! permit- more -oiirre Mirtarr to In- rd 
within ihe useful roiifCi area than i* por*i|>|» when -mailer v*ireilir» 
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Fig. 15 — Mirrored 
glass spherical re- 
flector for use with 
900- watt M a zd a 
Lamps. Diameter. 
514 inches; outside 
radius of curvature, 

3 ;i s inches. 




the condenser in directions that permit the con- 
densing lens to refract it with the beam from the 
filament itself. 

Two important advantages result: (1) the 
screen illumination is increased from 50 to 75 
per cent, and (2) the source becomes in effect 
a solid luminous rectangle, and evenness of 
screen illumination is thereby obtained. 





Fig. 16-a — Filament of 
the 900- watt Mazda 

Lamp for motion pic- 
ture projection (about 
twice normal size). 



Fig. 16-b — The re- 
flected image of fila- 
ment segments inter- 
meshed with the coils. 




Fig. 17 — Mirror Size — 
To intercept the same 
amount of light flux the 
diameter of the mirror 
must increase propor- 
tionately with the radius 
of eurvature. 



Fig. 18— Mirror Size— The 
condenser will redirect light 
from a reflector which inter- 
cepts a larger angle of light 
than does the condenser. 



22 



PICTURE PROJECTION WITH MAZDA LAMPS 



In order that a maximum percentage of the light may be utilized, 
the plane angle subtended by the mirror should be from 15 to 20 per 
cent greater than that subtended by the condenser. The diameter 
required to intercept this angle is relatively small if the mirror is 
placed close to the lamp, but the mirror is then subjected to considerable 
heating from the lamp with consequent danger of rapid deterioration. 
With mirrors of less curvature and correspondingly increased diameter, 
not only is the surface farther from the hot lamp but there is greater 
area provided for dissipating the radiant heat which it absorbs. 

Condensing Lens 

As was stated above, the condensing lens is a device for intercepting 
a large solid angle of the light emitted by a lamp plat ed some distance 



C 






A 



Fig. 19 Types of condensing lense- 
picture and lantern slide projection. 
B — Meniscus — Bi-Convex ; C — Meniscus 



C 



applicable for both motion 
A — Double Piano-Convex ; 
Double Plano-( johcx. 



from the film or slide aperture and redirecting it through the aperture 
to the projecting lens and screen. It is ev ident that the larger the dia- 
meter of a condensing lens of a given refracting power, the more light 
it will pick up.* Rut with increased diameter the thickness also becomes 
greater, and very thick lenses which are ground to spherical surfaces 
cause spherical aberration, that is, they bend these light rays near the 
edge more than those through the central part. A moderate amount of 
spherical aberration is an advantage in motion picture projection in that 
it tends to break up the source image and thus improves screen uni- 
formity, but if it is so marked that a considerable part of the light is 



♦When parallel rays of light are intercepted In a 
lens, they are so bent as to pass substantially through a 
point some distance beyond the lens, which point is 
called the focus. The shorter the distance from the 
center of the lens to the focus, i.e., the shorter the focal 
length, the greater is the refracting power of the lens. 
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directed outside the projection lens, the gain in light intercepted by the 
greater diameter is soon lost. To minimize the spherical aberration two 
or three thin lenses may be used in combination instead of one thick lens. 

Another successful method is to use lenses with surfaces ground to 

a contour other than spherical in order to 
control the light more accurately. These as- 
pheric condensing lenses have a higher re- 
fracting power than has been achieved in any 
other type; thus for a given diameter of lens 
they are made of shorter focal length with a 
large resulting increase in the amount of light 
intercepted. Spherical aberration is reduced 
to a negligible quantity; hence the interval 
along the optical axis through which there is 
an image of the source is very short and the 
aperture may be placed close to the narrowest 
point in the beam with high utilization of the 
light. 

Fig. 20 — Asrpheric con- A third but less efficient method of mini- 





densing lens combination. 



mizing aberration is to cut away some of the 
glass of a thick lens as in the modified Fresnel lens shown in cross sec- 
tion in Fig. 21. Here, in a single piece of glass are five relatively thin 
central prisms surrounding a double convex lens. The Fresnel or pris- 
matic lens has an advantage over the con- 
ventional combination of two spherical 
plano-convex lenses of similar refracting 
power in that the contour of the several 
prism surfaces can be designed so that the 
light from each ring is directed to a dif- 
ferent part of the film. Thus the light 
source is focused at different distances 
from the condenser with the result that at 
the aperture no well defined source image 
appears, and uniform illumination of the 
film is obtained. The gain in refracting 
power is to a considerable extent offset by 
a loss of light, since with the extended light 
source and with the rounded edges of the 

prisms characteristic of a pressed lens, Fig. 21 — Prismatic con- 
some of the rays strike the risers of the densin S lens - 
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prisms and are refracted at such angles that they cannot be used. 
This loss, together with the absorption and the surface reflection, is 
of the order of 30 per cent. 



Each element of a condensing lens of other than the prismatic type 
will cause a loss through absorption and reflection of approximately 10 
per cent of the incident light. Most of this is due to reflection at the 
surfaces, which varies with the angle of incidence. The loss by 
absorption is of the order of 3 to 6 per cent per inch of thickness. In 
a well designed three-element combination consisting of a meniscus and 

two plano-convex units 
there is a loss of about 30 
per cent; but where the 
elements are of the same 
diameter, as is more often 
the case, there is an addi- 
tional loss due to the fact 
that the second lens does 
not intercept all of the 
diverging rays issuing 
from the one nearest the 




Fig. 22 — Spherical Aberration — that part of a 
thick spherical lens near the edge retrarts the 
light through a greater angle than does that near 
the cejiter. 



light source. (Fig. 



19.) 

As light passes through a lens the rays of different colors are bent 
through slightly different angles, so that from any small area of the 
lens the refracted light spreads into 

diverging rays of the different 
spectral colors. This phenomenon 
is known as chromatic aberration. 
Except at the edge of the beam, or 

sharp contrast 



wh 



ere 



th 



ere is a 




with the background, as in the case 
of the outlines of objects in the 
image, these several colors super- 
impose and blend together. A 
projection lens must be essentially 
free from chromatic aberration; but in the case of condensing lenses, 
the projection of these colors to the screen can be avoided by intercept- 
ing the edge of the beam and using a lens of such design that the lamp 
filament is not focused as an image at the aperture. 



Fig. 23 — Spherical aherration may be 
eliminated even in thick lenses by 
making one surface aspheric. 
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Aspheric Condenser 

The aspheric condenser is recom- 
mended for use with Mazda lamps. A 
condenser designed for use with the 
equipment illustrated on page 44 is 
shown complete with its mounting in 
Fig. 24. It consists of two elements, 
each with one surface ground aspheric. 
The diameter of the large lens is 5y 2 
inches and the angle of light intercepted 
is approximately 100 degrees as com- 
pared with 55-62 degrees for the plano- 
convex condenser and 78-80 degrees for 
the prismatic type. Increases of screen 
illumination of from 25 to 50 per cent 
over the prismatic and plano-convex 
condensers are obtainable; the greater 
increase occurs with the objective lenses 
of shorter focal length. Used in con- 
junction with a No. 2 or large size pro- 
jection lens the aspheric condenser in- 
sures a maximum amount of uniformly distributed light on the screen. 

The source-condenser distance of this condenser is 1% inches for 
maximum screen illumination. This distance is correct for both the 

No. 1 and No. 2 projection 

lenses of any of the more com- 

When this 

distance is used, a noticeable 
non-uniformity of screen 
illumination occurs without the 
mirror, but with the mirror in 
place satisfactory uniformity is 




Fig. 24 — Aspheric con- 
densing lens with mounting. 



LAMP 




moil focal lengths. 



si 



Fig. 55— Spacing distances for aspheric obtained. The condenser-aper- 

rnndenser for maximum screen illumination. ture distance is 6V> inches. 

The aspheric condenser as designed for motion picture projection 
i^ ordinarily not suitable for stereopticon projection because the beam 
of light issuing from the condenser is of so great a diameter at the 
position of the stereopticon objective that very little light is received, 
and hence the screen illumination is poor. 
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APERTURE 




LIGHT 



STEREOPTtCON 

OBJECTIVE LEV* 



Fig. 26 — With the aspheric condenser a stereop- 
ticon objective lens receives very little light. 



Prismatic Condenser 



As designed for theater motion picture projection the prismatic con- 
denser has a diameter of 4^ inches and intercepts light from the source 
through a plane angle of 78 to 80 degrees. It is designed for spacings 
of 21/2 inches between the source 



and condenser 
between the 
denser, as snown in 
Either lower screen illumination 



and 6I/2 inches 
aperture and con- 



h 



Fior 



22. 



or 



less 



even light distribution 



results when this source-condenser 
distance is changed; the condenser- 
aperture spacing may, however, be 
varied one-half inch either way 
from the recommended distance 
without seriously impairing the 
results. Moreover, the required 
spacing need not be altered for 




9" 



eft 



i " 



6i 



Fig. 27 — Spacing Distances for the 



different throws or size of picture. Prismatic Condenser. 

\n advantage of the prismatic condenser as compared to the double 
plano-convex condenser is that slight displacement of the mirrored 
leflector does not cause an objectionable non-uniformity of screen 
illumination. The spacings are comparatively short, permitting com- 
pact design of the projector. 

A limitation of the prismatic condenser is that it is not suitable for 
slide projection since the risers of the prisms deflect the light so much 
lhat dark rings appear in the beam near the condenser where the slide 
would have to be placed to be covered by the beam, although these 
dark rings are filled in by the crossing of the rays farther out in the 
beam. For this service either a separate projection lantern must be 
used, which is the best practice, or condensing lenses suitable for slide 
projection must be provided in addition to the prismatic condenser. 
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Fig. 28 — Piano-Convex 
condensing lens combina- 
tion. 



Piano-Convex Condenser Combination 

The beam of light from two plano-convex 
lenses is very uniform near the lens and this 
combination is therefore suitable for slide pro- 
jection. Where it is used both for this purpose 
and the projection of the film, the slide holder 
is often fixed in front of the condensers, where 
it intercepts 15 per cent or more of the light 
which would otherwise pass through the film 
aperture. To avoid this unnecessary loss pro- 
vision should be made for raising or lowering 
the slide holder away from the condensers, or 
moving it to one side during the projection of 
motion picture film. 

The plano-convex condenser produces a 
well defined image of the lamp filament slightly 

bevond the smallest cross section of the beam, and there is a resultant 
unevenness of illumination at the narrowest part, where the aperture 
must he placed for best efficiency. Its success in motion picture pro- 
jection is therefore dependent on the extent to which the source can 
be made uniform by filling in the spaces between the coils with coil 
images from the mirrored reflector. If the reflector is carefully set by 
precision methods applicable in laboratory rather than in theater 
practice, and certain source-condenser and condenser-aperture spacings 
are employed, it is possible to obtain with plano-convex condensers 
screen illumination values as high as those obtained with the prismatic 
condenser, with a tolerable uniformity of screen illumination. 

Because compactness is so important in portable equipments, they 
require an optical system with its elements spaced closely. Hence the 
Fresnel. or prismatic condensers are often used. There has recently 
been developed a so-called three-quarters size aspheric condenser for 
equipments using 35-mm. film. The diameter and spacing distances are 
but three-fourths those of the standard size, and it offers practically the 
same sereen illumination results as does the larger size, since, while 
the diameter is reduced, the light source is moved correspondingly 
closer, hence the angle of light picked up is unchanged. 

The small projectors employing 16-mm. standard film may have 
even more compact optical systems without further sacrifice of illumina- 
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TABLE U 

CONDENSING LENSES FOR MOTION PICTURE AND 

STEREOFI H ION PROJ ECTORS 
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Condenser- 












Condenser 


Aperture 










Diameter 


Spacing 


Spacing 


Lamps 


Sp 


Aperture 


Condenser 


(Inches) 


(Inches) 


( Inches) 






FOR iMOTION PICTURE PROJECTION 




Theater 


35 mm. 


A spheric 








900-watt, 28-32- volt 
1000-watt, 1 15-volt 


Semi-Portable 


'\ or 

J 35 mm. 


Aspheric 


Stt, 2H 




*h J 


900-watt, 2H 32- volt 


iid Portable 


Prismatic 








600-watr. 28-32- volt 












500-watt, 115-volt 


Portable 


35 mm. 


Prismatic 


3 




3H 


500-watt, I 15-volt 








i tO nun 


(100 mm.) 




Portable 


16 mm. 


Aspheric 




V* 


2H J 


200-watt, 50-volt 








1 200-watt. 1 l)-volt 






Triple Meniscus 1 












Plano-( Convex 








200-watt, 50-volt 


Portable 


16 mm. ' 


or 




% 




200-watt, 1 15-volt 




Double- Piano 
( lonvex 








lOO-vvatt. 1 15-volt 






FOR S 


HILL PROJECTION 


















( 900-watt, 28 92 volt 




J Standard 1 j Double Piano I 
1 < ilass Slid* Convex J 








I 600-watt, 2&-32 volt 


Stereopticon 




3^-4 


H-H 1 


looo-watt, 115-volt 


(6 U &. 7 1 <i inches 






500-watt. 1 15-volt 






I' m ill length ) 










Film Slide 


35 mm. 


j 1 ) on hie or Triple 








j 200-watt. 1 1 5- volt 




{ Piano Convex j 








( 50-watt, 115-volt 



lion other than that caused by the smaller aperture. The 16-mm. aper- 
ture has less than one-fifth the area of the >.">-mni. aperture, hence large 
diameter condensing systems eould not he used to advantage with the 
^iort spacing distances that must ordinarily he employed. The lamp 
filament is placed in a email diameter tubular bulb, ll l | inches in 
diameter in the case of the 200-watt lamp) permitting the light source 
to be placed close to the condenser. The condenser is designed with a 
short back focus and the solid angle of light intercepted is large com- 
pared to its diameter. 

A smaller diameter aspheric condensing system has been designed 
for use in the projectors employing 16-mm. film. While the diameter 
is slightly larger, requiring somewhat greater -pacing distances than 
the double plano-convex systems now commonly employed, this is more 
than compensated for by the 40-50 per cent increased illumination 

possible. 

Table II shows types of condensing lenses for various equipments. 
Aperture , 

The standard 35-mm. aperture is a rectangular opening 0.0/95 
inches high and 0.906 inches wide; the standard 16-mm. aperture i- 
0.28 inches high by 0.38 inches wide. The aperture plate across which 
the film moves must, for best efficiency, be located where as much at 
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possible of the converging beam from the condensing lens will pass 
through the opening and at the same time be uniformly distributed over 
(his area. In practice a light beam larger in diameter than the diagonal 
of the aperture opening must be used since the light near the edge of the 
beam is of somewhat lower intensity and shows color due to chromatic 
aberration from the condensing lens, and this part, constituting from 

10 to 65 per cent, must therefore 

I e intercepted. If the aperture 




plat 



e 



located at position a 



Fig. 29 Mating the Aperture — At 
po^itiuri a i tm*i<irrahlr wasted : 

at I* the beam is no! uniform: position 
c is the correet one fur the aspheric 

condenser. 



it uniform throughout the 



of Fig. 29 an unnecessarily large 

amount of the light would be 

wasted; if placed in position b f the 

linevenness of distribution in the 
beam would become noticeable. In 
position r the aperture is correctly 
placed for the condensing lens 
shown; the light passing through 
open area; only enough is intercepted 
to lea\e the projected beam practically uniform in cross section. 

\\ it li asphrric or prismatic condensers, which direct light to the film 
at wide angles, some light ma\ be intercepted by the cooling plates 
located m front of the aperture. The openings in the plates should be 
enlarged until the \ do not interfere witli the light coming from the 

outer /ones of the condenser. 

Projietioii Ohj<<ti\< Ken* 

' ro,n ' 'r {) il will be mtii that the projection lens consists of three 
' h inenN. one ol whicli i- a cemented doublet. By combining suitable 
optical glasse- m elements of proper thickness, surface curvature, and 
-pacing, the mm. < an be gixen the following characteristics: 

I I reedom from spherical aberration, providing good 

definition; 

— I latinos of field, whicli produce* equally sharp 
image- over the entire m reen picture*: 

i I reedom from chromatic aberration, eliminating 
colored fringes on the screen image; 

\. Large diameter and free aperture, giving high 
screen illumination. 

I he focal length of the objective lens determines the picture size 
fnr * project, ( ,ri distance. The shorter its focal length, the 
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greater its magnification and hence the larger the picture. For a 
given lens the picture size increases proportionately with the projec- 
tion distance. With the width of the picture selected, the focal 
length of the required objective lens is given with sufficient accuracy 
for practically all purposes by the approximate formula:* 

Throw (ft.) x 0.906** 
Equivalent focal length (in.) = Picture Width (ft>) 

The projection distance is measured from the center of the objec- 
tive lens to the screen. 

For a given distance, increase in the picture area decreases the 
average screen intensity but not proportionately, since a larger 
amount of light is transmitted by the projection lenses of shorter 
focal length used for the larger picture. 

Maximum and minimum limits of desirable picture size are 
determined by the angle which the picture subtends at the eyes of 
those in the front seats and those farthest away from the screen. 
Observations indicate that under usual conditions the picture appears 
too small if its width subtends an angle of less than about nine 
degrees, and. on the other hand, it cannot be viewed with comfort by 
those at the front of the house if at their eyes it subtends an angle 
of more than about 45 degrees. 

Objective lenses for theater use are obtainable in two sizes, the 
"quarter" size or No. 1 lens of about iy 2 -inches free aperture, and 
the "half size" or No. 2 lens of about 2Vo-inches free aperture. As 
is shown in Fig. 30, the beam diverges rapidly after passing through 
the aperture, and to obtain maximum screen illumination the lens 
of larger diameter should be used. The curves of Fig. 31 show the 
relative amounts of light projected to the screen with objectives of 
the two sizes and the aspheric condenser. In general, twice as much 
light is projected with the larger lens. High grade No. 2 projection 
lenses should be used for projection with Mazda lamps. They are 
at present obtainable for all focal lengths from 4y 2 inches upward. 
High grade objectives are also available in the No. 1 sizes for the 
shorter focal lengths. 



*The exact formulae are: 

12T EF , 0.906T 

EF " l+13 25W T= 12 d+ 13 - 25W ) W = -W -° 0755 

Where EF = Equivalent Focal Length (inches) T= Throw (feet) W = Width of 
picture (feet). 

♦♦Substitute 0.38 for 0.906 in approximate formula with 16-mm. equipment. 
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li PROMOTION 
LENS 




PROJECTION 
LENS 



Fig. 30 



The cros>-*eeli<>n of the beam at the 
position of the objeetive lens 
(Fig. 30 ) is so large that the No. 2 
objective lens utilizes twice as much 
light as does the No. 1 lens. The 
curves of Fig. 31 show the light flux 
projected to the screen when the 
MIX) -watt. 30-ainjM n* \1\/da lamp 
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and the aspheric COadeOMT are used with the No. 1 and No. 2 projection 
lenses <»| \jn<,u- f<.< al length*. Beam unobstructed by rotary shutter, film 

<»r cooling plate. 

Because of its lower price, the No. size lens is sometimes used 
in portable equipments. The screen illuniination obtained with this 
lens is about 75 per cent of that obtained with the No. 1 lens, and 
the consequent sa\mg in lens cost will seldom compensate for this 

loss of light. 

Obje< ti\e leu-. - of shorter focal length, ordinarily ranging from 
1 to 3 inches, are used with 16-mm. film projectors to obtain suf- 
ficient magnification of the smaller film for the short projection dis- 
tance- ordiuarih employed. Their diameter mav therefore be 
what restricted w i 1 1 1 « * i j t serious loss of light. 



otne- 



Objective lei.se- of 10 to 21 inches focal length are ordinarily 
u-ed with the -tandard glass slide projectors since lesser magnifica- 
tion is needed for a given picture size. Here again the larger dia- 



leit-es 



illumination. 



I he table*, on pages J.", t <( 17 snfm the approximate picture dimen- 
sion- for objective lens,- of various focal lengths at different distances 
from the ecu-en for 16-mm. and 35-tnm. motion picture film, and stand 
ard glass slide projectors. 
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minimum; the small amount of light reaching the screen during the 
short period of exposed film movement is not noticed. 

Interruption of the light just 20 times per second would result in 
pronounced flicker, therefore one or two blades are provided in addition 
Ic the working or "travel" blade that cuts off the light during the film 
movement. These intercepting or "flicker" blades can by skillful design 
be made narrower than the working blade and thus the loss of light 
may be reduced. The number of blades required depends on the 
brightness of the screen. At ordinary intensities of screen illumination 
a two-blade shutter interrupting the light 40 times per second at normal 
projection speed eliminates flicker; but with a very bright screen a 
three-blade shutter interrupting the light 60 times per second is required. 
The two-blade shutter can in most cases be employed with Mazda lamps. 

Since the angular width of the working blade is determined by the 
latio of time of film movement to the stationary period, the shutter 
transmission varies with the intermittent ratio as well as with the size of 
the objective lens, or the width of the light beam. For best efficiency 
the shutter should be placed where the beam diameter is smallest. With 
the condenser spacings used in Mazda lamp systems, the light beam 
emerging from the objective lens is smallest in diameter at the lens, so 
that the narrowest blades for an outside shutter can be used when the 
shutter is placed as close as practicable to the lens holder. 

The rotary shutters ordinarily employed have a transmission of 
about 50 to 55 per cent for the two-blade type and from 40 to 45 per 
cent for the three-blade type. Successful designs of the former are in 
use having a transmission of 60 per cent for a No. 2 lens. Skillful 
narrowing of the blades and their perforation with small holes are 
methods employed to obtain the higher transmission values. If carried 
too far with the working blade a "travel" ghost is noticeable on the 
film titles. Whatever additional light is obtained by such modification 
of the intercepting blade without having flicker appear on the screen 
is probably a clear gain, but any light received on the screen through 
the moving film is a detriment rather than an advantage. 

It should be noted that wherever data are given in this bulletin 
showing the transmission of light through various optical systems they 
apply for the beam unobstructed by a shutter. 
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Fig. 35 — Light distribution in the vertical plane from the three types of 

screen surfaces illustrated in Fig. 34, 




Fig. 36 — Lifiht distribution in the horizontal plane from the three types of 

screen surfaces shown in Fig. 34. 

The beaded screen combines characteristics of the other two types. 
The screen surface difluses some of the light out at the wider angles, 
and the remainder is directed into a narrower angle from the surfaces 
of the bead-. The beaded screen, therefore, finds its best application 
in houses of medium width and those in which side seats at wider angles 
are used only part of the time. 

The way to determine which type of screen will give most satisfac- 
tion to the greatest number of the audience is to superimpose the respec- 
tive curves of brightness distribution (Figs. 35 and 36) on the plan and 

elevation of the house. A good general criterion for the selection of 
the proper screen surface, which has been advocated, is that the maxi- 
mum brightness, directed by the screen to the center seats, should not 
exceed four times that directed to the side seats at the front. 
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Hg. i7 Apparent st rem hrijjiuie^ .t- all'ertetj i>y li» i^lit « » t 

mounting: Position I favor* the fiijzh !>.il« ony seats; position 2 

wastes most of rhr li-lit; position 5 is prohahly 1110*1 eftVi tive 
lor this hoii-r. 



In the foregoing, relerenee lias lnrn m.iilr oulv hi the light distribu- 
tion in the hor izontal plane, hut -dnee tin seat- are at various elevations 
fhe brightness distribution in 1 1 1 • * vrrtiral plant- mu«t also be considered, 
Ihis i> especially i rn pot t aril in vow ol tin I art dial the three fvpr* ot 
screen surfaces act differently in reflecting the light received it m angle 
with a normal to the} ftui lace, f rom the metallic -urtacr sen - foi 
example, the reflection i- In a < orisidei a I >le extent •peenlar. .1- Irorn a 
minor; that i-. the general direction of the reflected beam makes an 
angle with the normal e<|uul to the angle ol incident e, as in I ig. ik>, K 

A metallic surface screen in tin- I heater sh< '\n n in elevation 1 11 I ig. . \ , 
would give an uusatisl at torv distribution of light if placed in position 
/. Position 2 would favor the front seats at the expen e ol ,h 
in the rear and bahonv, but position I would give L i well lialaueed 
distribution of the I in lit. I ill in- I lie -1 ieen baekward at the i p 1- i^t^ 
in raising the angle of maximum I rightness in CMe the screen cannot 
be mounted at the desired height. Th comfort of the audie u e must 
also be considered in determining the Ue^t Kfern position; it it is too 
high, those near the front cannot he at ease in viewing the p 1 Hire, 1 h 
bead screen reflects a maximum brightness in the direction of the 
projector, as shown in big. '>">. C because the ipecuWr part ot the 
reflection i- largely from that part ot the glass head surfaces normal to 
the beam. Obviouslv this screen finds its be-t application in theater! 
where the seats are not far helow the |»i <>)•« tr<l h am. The direction 
from which the incident lijiht i- recriwd Iki- little effect on the distri- 
bution from the diffusing screen, shown hy r is. '> >. A. 
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The screen brightness necessary to produce the best pictures varies 
with the reflecting characteristics and texture of the screen surface 
employed. The most satisfactory brightness appears to be materially 
lower with a diffusing type of screen than with those giving a 
pronounced directional distribution. This tends to make the results 
with the diffusing screen relatively better than would be indicated 
from the respective brightness values given in the above discussion. An 
additional factor to be taken into consideration is that a lower order of 
brightness suffices for the seats near the screen than for those farthest 
away. Although for a given light source the screen brightness decreases 
somewhat with the larger pictures, as may be seen from the illumination 
values of Fig. 32 there is a compensating factor in that the brightness 
required for good viewing decreases as the size is increased. 

The same care should be taken in the selection of a screen for the 
sc hool, church, or industrial auditorium as for the theater. Quality 
projection requires the choice of a suitable screen which fits the size 
aild shape of the auditorium in which it is being used. 

It is often necessary to employ one which may be rolled up in the 
interest of portability or compactness. In this event, a material should 
be selec ted which will not flake or crack within a reasonable period. 

A relatively small amount of extraneous light striking the reflecting 
screen will reduce the contrasts of brightness values on the screen to 
the point of spoiling the picture. It is therefore necessary to darken 
the room when the reflec ting screens are used. But in the school room, 
broker-* cilice-, etc., it is especially desirable that pictures be shown 
without darkening the room. The use of the so-called daylight or trans- 
lucent screen between the projector and the audience makes good pro- 
jection possible in moderately lighted rooms. The room light striking 
the face of the screen passes through, instead of being reflected back 
to the audience: thus the contrasts of the picture are not modified. The 
BCteen must, howexer. be shaded against extraneous light from the rear 
< projector i side, since this would pass through and reduce the bright- 
ness contrasts <»l the picture. Translucent screens obviate the necessity 
ol special window -hades, but they must be placed some distance from 
tlie wall to obtain a picture of sufficient size, and hence the seating 
capacity of the room is decreased. 

A sheet or table cloth often answers the purpose of a screen in the 
home, "while fairly good projection results may be so attained, this 
practice i- ordinarily inconvenient. It is usually difficult to find a 
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suitable place for hanging such a screen and the position of the projec- 
tor and audience is thereby limited. Small framed screens, made of the 
same materials that are used in the large auditoriums, are available for 
this service, and may be mounted on a telescoping tripod. Such a screen 
may be placed in any position convenient to the audience, and may be 
rolled up and kept with the projector. 

Illumination of the Theater Auditorium 

The illumination of the auditorium during the projection of the 
picture vitally affects the required screen brightness, and the selection 
and placing of the lighting equipment must therefore be treated as a 
phase of the projection problem. There must be sufficient light to 
create an agreeable atmosphere and to permit the theater patrons to 
find or leave their seats safely during the projection of pictures, yet the 
eye should encounter no very bright areas and the light directed to the 
screen from fixtures or vertical surfaces facing the stage should be kept 
al a minimum, in order that contrasts in the screen picture will not be 
materially affected. If but one per cent of the screen brightness is 
contributed from sources other than the projector, the screen illumina- 
tion must be increased by 30 to 40 per cent in order to produce as 
satisfactory results as though no extraneous light reached the screen. 
The other surfaces at the front of the house should, however, receive 
some illumination so that excessive contrasts of brightness may be 
avoided. The theater exterior, lobby, and to a lesser extent the foyer 
are usually brilliantly lighted in order to appear cheerful and attrac- 
tive. However, the eyes of the patrons are thereby adapted to this level 
and it requires time for their adjustment to the lower level desirable in 
the auditorium. By lighting the rear of the auditorium to a moderate 
intensity and gradually decreasing this to the front, the eyes are given 
an opportunity to adapt themselves as one passes down the aisle, and 
at the same time the illumination reaching the screen is kept at a mini- 
mum. The use of indirect lighting equipments, or units with deep re- 
flectors, shades, or shields, and of auxiliary aisle lighting, obviates the 
interference with vision caused by bright surfaces near the field of view 
Frequently beams or other architectural features may be employed to 
prevent the direct light from reaching the stage and to shield the eyes 
of the audience. The brightly lighted music sheets of the orchestra may 
cause annoyance when in the line of vision, and they sometimes reflect 
a considerable amount of light to the screen. Judicious placing and 
masking of the music racks will frequently improve these conditions. 
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MAZDA LAMPS FOR PROJECTION SERVICE: 

THEIR CORRECT APPLICATION 

To meet the needs of the various fields of motion picture and stere- 
opticon projection, there has been developed a group of lamps espe- 
cially adapted for these services, and known as Standard Schedule 
lamps. They are carried in stock by many dealers of BtereoptlCOD and 
motion picture equipment throughout the country and hence are qui ckK 
and easily obtainable. The advantage of designing equipment- to tune 
(ion with these lamps rather than special t\pe>, is obviom« 

The field of application for each lamp i- indi< ated in a -jenera! wa\ 
in Table I. page 2. The value- of picture sizes and projection distance- 
shown should not lie taken a- exact limit- a- the-r depend upon the 
optical efficiency of the projector, the width ol the loom oi auditorium, 
and the type of screen. The < omplete -tandard line ol piopifn and 
stereopticon lamp- is shown in Kig. >o togethei witfi the screen ilium 
in at ion v a lues obtainable v\ it h well designed motion picture projector- 

The low voltage lamps have relatively »horl til. inn \iK is compared 
with lamps of the I I ~> volt gtoup. and then greater lilamenl ( oru nli i 
tion results in improved utilization ol the hidil through lh< optical 
tern, hence higher screen illumination. However loi manv application^ 
outside of the theatei field, the concentration possible with filaments 
designed for operation or) the standard MVvolt circuits proves hiIIi 
cient, and the cost of auxiliary transformer or resMam i equipment i- 
thereby obviated. 

A recent development in lamp design ha* made po-*ible gi»Mt»-r 
( oik -nidation of filament- made tor u>e without voltaje regu latin 
equipment on I l.Vvolt Circuits. The ordinary coiled type ol hlamnit 
is coiled again, making a double-coiled, or what i- known as the < oiled 
coil light source. This tvpe of filament <on>truction mm at the present 
time be applied to advantage only to lamp- of 200 watt- rating and less, 
and it shows to advantage when applied to Inwn voltage Limp- How- 
ever, it makes possible the achievement tit good -neen illumination re- 
sults with standard c ircuit voltage lamps in the popular h>-mm. [pro- 
jectors, and may be used for other -erv i< es requiring bigh concentra- 
tion of 1 15-volt filaments. 

The 16-mm. aperture places a lower limit upon the effective light 
source area than does the 35-mm. aperture, aUo limiting the lamp watt 
age which mav he employed to advantage. At the- present time, the 2« Mi- 
ll 



PICTURE PROJECTION WITH MAZDA LAMPS 



\ « llll' 



I >e\ rv 



I )«* \ r> 



riot 



Hies 



LAMPS THEY 



Projector 


Model 


Manufacturer 


MAZDA LAMP USED 


Watts 


Volts 


Bulb 


Filament 


Base* 



(35-mm. Film) 



Fulco 


The Fulton Co 


900 


28 


-32 


T-20 


C-13 


Mog. Screw 




Holmes Projector Corp 


900 


28- 


-32 


T-20 


C-13 


Mog. Screw 


Motiograph 


Knterprise Optical Co 


900 


28- 


32 


T-20 


C-13 


Mog. Screw 






Powers 

Simple] 


International Projector Corp 
International Projector Corp 


900 

900 


28- 
28 


32 
32 


T-20 
T-20 


C-13 
C-13 


Mog. Screw 
Mog. Screw 


Superior. . . . . 


Coxsaekie Molding Corp 


900 


28 


32 


T-20 j 


C-13 


Mog. Screw 



S F M I - PORTABLf MOTION PICTURE PROJECT 

< 35- mm. Film) 







fiooo 


LIS , 


T-20 


C-13 A 


Acme 


SN h International Projec tor Corp. . . 


900 


28 32 


T-20 


C-13 






600 


2« 32 


T-20 


C-13 


1 lolrnes 


1 lolrnes Projector Cora .... 


/1 000 
1 900 


ur> 

28-32 


T-20 
T-20 


C-13A 
C-13 


Super 1 )e \ ry 


SF 1 )e \ ry ( orp 


f 1000 
900 
600 


1 15 
28 .12 
28 32 


T-20 
T-20 

T-20 


C-I3A 

C-13 

C-13 




PORTABLE MOTION PICTURE 

(SS*mnii Film) 


PROJ 


F-™ - 1 tilt. 







Mog. Pref. or 
Mog. Screw 
/ Mog. Pref. or 
I Mog. Screw 
I Mog. Pref. or 
{ M*g. Screw 

Mog. Screw 
Mog. Screw 

Mog. Screw 
Mog. Screw 
Mog. Screw 
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International Projector Corp 



K 



I ><■ \ r y ( lorn 



"ioo 



.{00 



I la 

28 32 



T-20 



500 



f c 



1 1:> 



I >e \ r > ( or p 



Holmes Projector Corp. . 

PORT \ HI. K MOTION PICTURE PROJEC 

1 16-mm. 



in, 



1-20 



< ',- 1 3 

c-is 



C-13 



:>(»o 


1 IS 


T-20 


<:- 


13 


300 


28 32 


1-16 




13 


500 


115 I 


'1 '-20 




13 



Med. Pref. or 
Med. Screw 
/ Med. Pref. or 
I Med. Screw 

/ Med. Pref. or 
I Med. Screw 



/ Med. Pref. or 
I Med. Screw 
/ Med. Pref. or 
Med. Screw 

Med. Screw 



Automatic \dvertiser 




Automatic Advertiser Inc 


200 


115 


T-10 


C-13 


Med. Pref 


( aipitol (Continuou> 


C Typo 3 


( aipitol Machine ( o Inc 


500 


115 ! 


T-20 


C-13 


Med. Pref 


( Capitol Continuous) 


\ 1 >pe 1 I 


( iapitol Machine ( o I n< 


/ 500 
1 200 


115 
115 


T-20 
T-10 


C-13 
CC-13 


I Mod. Pref. 

| Med Pref 


DeVry 


G | 


1 >e\ rv ( orp 


200 


1 1 5 


T-10 


CC-13 


Med. Pref 


Kilmo 




Bell A Howell Co 


200 


50 


T-10 


C-13 


Specitil 


KocJ.|S(0|H' 

K<m|i«s< ojm* 


A 

li ' 

C : 


FuKtmari kodak ( o 
Fast man Kodak < o 
KaHtmau Kodak < !o | 


200 
200 
100 


50 

BO 
115 


T-10 
T-10 
T-8 4 


C-13 
C-13 
CC-13 


Med. Screw 
Med . Pref. 
Med. Pref 


I). R. S 




*) B S Musu Boll ( 


200 


115 


T-10 


CC-13 


/ No. 1857 
1 Special Pref.J 


\ ictor 


3 i 


V ic tor Animatograph Co 


200 
200 
165 1 


50 
115 
28 32 


T-10 
T-10 
T- 1 


C-13 
CC-13 
C-13 1 


Med. Pref. 

Med. Pref. 
Med Pref. 



... .... ... „..*,., „,. w „.,k <>i ri»i.-tlH-»ln.-4.| „mj,., t<„> H,- tendency i« u,„ w <i 

. S|m* i u | 1,.,m- ih.| n ,^n»n» n<M to <1«-hi K .i.t» of nrvt i*|ui|mM»nt* 
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PICTURE PROJECTORS AND THE LAMPS THEY USE 



Projector 



Model 



Manufact urer 



M VZDA IAMP I SKI) 



Wall 



STI KK(H>I u on— (;lvss slide vndopaqif 



Ralopticon 



^Bausch \ Lomb Optical Co 



Balopticon 



Beseler . 

Beseler . 
Beseler. 

Beseler . 
Beseler. 



Brenkert 
Brenkert 



B, BBM, 
1 1 B \1 

HRMD, 
LRM. 
KRMS 
D. CL. 

CRM, O Bausch & Lomb Optical Co 



f A. B. C, 

{ D, DD, fChas. Beseler Co 

[ OA 1 , OA2 

C Chas Beseler Co 

E ( 'has Beseler Co 



F. FE 
OA 3 



Chas. Beseler Co 
('has. Beseler Co 



. Brenkert Light Projection Co 
F2, F6 Brenkert Light Projection Co . . . 



* • 



/ C. D, K. F. 

Delineascope \ H, N, S, SA Spencer l^ens Co 

Delineascope J Spencer Lens Co 

Delineascope P. R Spencer Lens Co 



DeVrv 



T. M DeVry Corp 



500 



1000 



500 
500 

600 1 
/ 900 
(1000 
1000 

500 
1000 



500 
1000 

10(H) 

400 f 



Victor 



2. 3 



\ iclor Anirnatograph Co 



500 



Volts 


Hull) 


Filamen I 


Base* 


OPAQUE 


1 1.1 


I -20 


C-13 


Med. Sc. Skirted 


1 15 


G-40 


C-13A 


Mog. Screw 


115 


T-20 


C-13 


Med. Screw 


115 
115 

28-32 
115 
115 


T-20 
T-20 
T-20 
T-20 
G-40 


C-13 
C-13 
C-13 
C-I3A 
C-13 A 


Med. Pref. 
Mog. Screw 
Mog. Screw 
Mog. Screw 
Mog. Screw 


115 
115 


T-20 
T-20 


C-13 
C-13 A 


Med. Screw 
Mog. Screw 


11S 
115 
115 


T-20 
T-20 

G-40 


C-13 

C-13A 

C-13A 


Mog. Screw 
Mog. Screw 
Mog. Screw 


115 


T-20f 


C-13 


Med. Screw 


115 


T-20 


C-13 


Med. Pref. or 
Med. Screw 



Balopticon 4102-3 

Balopticon 4090 

Balopticon ABMF 



Brayco 



STEREOPTICON— FILM SLIDE 

(35 mm. Film) 



Bausch & Lomb Optical Co 
Bausch & Lomb Optical Co 
Bausch v\ Lomb < )pl ical < "< > 



Agfa- An sco Corp 



Delineascope 
Delineascope 



L L, M 
T 



Spencer Lens Co 
Spencer Lens Co 



Jam Handy 

Explainer 

Jam Handy Pocket 

Explainer 



M endoscope 



Newspaper Film Corp 
Newspaper Film Corp 



Agfa-Ansco Corp 



■ • • 



S.V.E 

S.V.E. Pocket Explainer 

Visual Demonstrator. 

Wyko 



Society lor Visual Education 

Society for Visual Education 



\ isual Demonstration System, Inc. 



Wyko Projector Corp 



100 
200 

400$ 


115 
115 
115 


T-8H 
T- 1 

T-20 


C-13 
C-13 
C-13 


Med. Pref. 
Med. Pref, 
Med. Screw 


c . p . 


12-16 


s-u 




[D.C. Cand. Bay. 
{ (Mazda 
I No. 1142) 


200 

165) 


115 
115 


T-10 
T-10 


C-13 
C-13 


Med. Pref. 
Vied Pref. 


200 


115 


T-10 


C-13 


Med. Screw 


50 


115 


T-8 


CC-13 


S. C. Bay. Cand. 


too 


115 


T-sy 2 


C-13 


Med. Pref. 


200 

50 


115 
1 15 


T-10 
T-8 


C-13 
CC-13 


Med. Pref. 
S. C. Bay. Cand. 


200 


115 


T-10 


CC-13 


Med. Pref. 


250| 


115 


T-] 1 


C-13 


Med. Screw 



Light center length of Medium Prefocused base lamps 2fV inches measured from top of fins to filament center 

Light center length of Medium Screw base lamps approx. . .3 inches measured from bottom contact to filament center 

Light center length of Mogul Prefocused base lamps 3*ft inches measured from top of fins to filament center 

Light center length of Mogul Screw base lamps approx. . . .4% inches measured from bottom contact to filament center 

* In the design of newer models the tendency is toward adoption of the prefocused socket. 

t Special bulb — 5 Vi inches over-all length. 

X Special lamp not recommended to designers of new equipments, substitute a standard lamp (see page 36) in existing 
equipments wherever possible. 
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watt, 50-volt lamp gives the best average performance in 16-mm. optical 
systems, and in the 115-volt range, the 200- watt rating is also the 

maximum effective limit. 

Experience indicates that 
in general the 900-watt, 30- 
ampere lamp with proper 
equipment gives excellent 
screen illumination for thea- 
ters and auditoriums having 
a seating capacity on the 
main floor up to 1,000 
where the distance from the 
projector to the screen does 
not exceed 100 feet and 
where the picture width is 
not over 16 feet. It is as- 
sumed in the above state- 
ment that the No. 2 size ob- 
jective lenses are in all cases 
employed for focal lengths 
of 4-Y2 inches and above, 
and that the screen sur- 
face is maintained in good 
condition. 

Mazda projection lamps are of gas-filled construction and are de- 
signed for operation base-down, or within 25 degrees of the vertical; at 
a greater angle their performance may be somewhat impaired. The 
tubular bulb permits the light source to be placed close to the con- 
denser, which may thus be designed for short focal length and high 
efficiency, and at the same time results in excellent maintenance of 
candlepower during life. The 900-watt lamp is made for operation 
at constant current rather than at constant voltage. The regulating 
equipment must be capable of accurate current adjustment, for both 
lamp life and light output are radically affected by operation at other 
than rated current. At 31 amperes, the life of the 30-ampere lamp is 
reduced by about one-half; at 29 amperes the screen illumination is 
reduced materially. The importance of operating all projection lamps 
at their respective current or voltage rating cannot be emphasized too 
strongly. 
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u 50 60 70 80 90 100 
Percent Volts or Amperes 

Fig. 39 — These curves show the rapidity with 
which the screen illumination falls off with a 
reduction in the voltage applied to the lamp, 
and with the current consumed by the lamp. 
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PROJECTION Eiji IPMEYT 

In addition to the optical element.** previou-lv di-< u-^ed a motion 
picture or «tereopticon projector require* a well ventilated lamp hou^, 
»ome mean* of accurately locating the lamp hlament .mi the optu ul ati* 
either a preset or an ddju«tahlr lamp holder and. r\rrpt for accu- 
rately made portable equipment*, an adpi-table mirroi holder. Standard 
motion picture theater projector* and thoae portable equipment- which 
alto employ Ioh voltage l imp- reipnre in addition a regulating drvi«'' 
and ammeter. 

Ventilation 

lo injure ^ood lamp pei t orrnain c , il i- m <;C*a«M v I piotidt- iinpl 
ventilation of the lamp hoii*e Kadiahoti June should not ! • i\r\ il> d 
upon, hut |4T0vi»ion rdiould he mad. for circulation ..I air pi t th 
lamp ba*e and hulh I he h mperat m e may he< time high en.m-h to 
Md trn the hull) oi to caiw deter mi 1 1 ion oi the lamp holder, parti* ularlv 
the insolation, il air inlel and outht op f run <»l ample -1/ in- no| 
provided. Spn nil precaution mihi hr taken 111 the • 1 • d portahl 
equipment* %\ ht- f #• li-lit vs» i (il md 1 onip n tm an imp« itant Iratuc 

I he ijHf ol a Mini 1 1 fan < onnei led to die motor drivm the tillti 
mechanism 1^ Mrninmrnilnl hi fori e a I n . » vidiuiie of air thn» ajh die 

lamp honking. Ihi- irrun •» mmi make* po<**ild- a smaller hou-on 

than when nalui d v tail 1 1 at ion 1^ n-»d In thr lattci ca»e, the inlet 
opening* at the hotlom ol tin hou*inj di<>nld MVI a total area of at 
|ea*t I M 1 1 1 *q 11 a 1 1 • 1 n< lii - per watt md outlet opening* it the top rqua I 
to or larger than tin- figure, 

AtljuMmenl of I ijght Smrn 

So *en*ilive i* the optical *v*lem «»l a motion picture projector t • » 
die position ol the light »ource that a -nut 1 1 displacement of the latter 
raihts a marked I oh* in the light reaching the screen, and in the uni- 
lormitv ol the illumination 

If a light source in a 35-mm. motion picture projector 1* displaced 
lateralis onl\ a* nun h a- mieeejlith of m itn h ti'Mn it- orret t po<o 
lion on llu« optiral axi*. ihr* M-rrrn illumination i* rr«luc«d 25 \** r venU 
An njual ilr\iati«»n « min ^ i *<>mr*kit : rraler I"-- in l«>-nim [»h< il 
H>«*|»*rn^. l*orlal»lr pro|r«t»»r> *ln>ul«| \>r pr«.M,|. .| with prrf««. lamp* 
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Fig. 40— Lateral adjustment of lamp 

in selter. 



Fig. 41 — Alignment of lamp fila- 
ment for distance from condens- 
ing lens. 

and also for placing it so that the plane of the coils may be set facing 
the condenser. Adjustment of the light source should first be made 
without the reflector. The lamp is turned so that the plane of the fila- 
ment coils is perpendicular to the optical axis and it is then moved 
laterally and vertically until the center of the filament area is on the 
optical axis. In order that a new lamp inserted at any time thereafter 
may be exactly placed without delay for adjustment after a burnout, 
the plan of using removable sockets sliding into guides is to be recom- 
mended for standard theater motion picture projectors. To realize this 
advantage it is necessary that the lamps be first aligned in individual 
sockets in a gauge or presetter. such as the device shown above, which 
provides the four essential adjustments: 

1 — Height of the filament, by screwing the center base 
contact up or down until the lower ends of the coils are 
in line with the two sighting holes in the setter I Fig. 40) ; 

2 — Lateral adjustment, by moving the lamp against a 
spring by means of a thumb screw, until the coils are 
centered in line with two pointed sights (Fig. 40) ; 

3 — Adjustment for distance from the condenser, by 
means of another thumb screw by which the filament is 
set in line with two V sights I Fig. 41) at right angles with 
the plane of the pointed sights; 



1 



Plane of the filament, by alignment parallel with 



the V sights I Fig. 41). 
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The adjustments in the device illustrated are made with the lamp 
base loose in a special split ring socket which is not threaded; the 
lamp is fixed in position in the socket by tightening two screws which 
draw a collar over the split ring, rigidh holding the lamp in its adjusted 
position in the socket. By opening the hinged top of the setter, the 
lamp and socket can be removed as a unit with the assurance that when 
they are placed in the guides provided in the housing, the lamp filament 
will be correctly aligned with respect to the condenser and optiral a\i-. 

It no presetting arrangement is provided in an equipment the besl 
procedure is to place the light source b\ measurement at tie* specified 
distance behind the condenser. Then with the lamp lighted, the spot 
produced is centered on the aperture plate by moving the lamp 
Vertically arid horizontally; this gives cm approximate setting of the 
light source. It can then be made more accurate bv intercepting tin 
beam through ihe open a pert lire on the rotary shutlrr or on a black 
card held where the filament image is most sharp and adjusting the 
lamp until this image is centered in the illuminated -pot, as shown in 
I ig. 12. The attempt is sometimes made to adjllSl the lamp bv centering 
the image formed on the (ire shutter through a small hole in the dowser, 
but the desired result is usually not obtained because thr hole in the 
dowser is seldom exactly in the optical axis. 

Accurate alignment oi the optical system and adjustment of the 
lamp filament are just as important factor- with portable projectors 
as with standard theater equipments. Some equipments provide lateral, 
vertical, longitudinal and rota- 
tional movements for the lamp 

socket which enable the user to 

properly align the lamp filament. 
However, some skill is required to 
set the lamp so a^ to give maxi- 
mum illumination, and the task i^ 

especially difficult if the lamp 
housing is hot. In many modern 

equipments this is automatical!) 
accomplished by the use* ol lamps 
with prefoeused bases. The Lamp 
filament is prefocused with a spe- 
cial base at the factory so that its Fig. « Filament image projected 

on rotarv shutter t«>r observation 

position always bears the same in a( |j n . tmi: | amp .. 
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Fig. 43— Typical medium and mogul prefocus sockets as used in 

projection equipment. 

relation to fins on the base. The socket designed to accommodate this 
base — the prefocus socket — is rigidly attached to the projector in the 
correct position by the equipment manufacturer. No further adjust- 
ment is necessary. The prefocusing base and socket are available in 
two sizes, corresponding to the medium and mogul screw bases and 
sockets. ( Fig. 43 ) . 



Adj 



of Mirrored Reflector 



Proper adjustment of the reflector markedly increases the amount 
nd uniformity of screen illumination. With the aspheric and pris- 
matic condensers, the most satis- 
factory practical method of set- 
ting the mirror in standard thea- 
ter equipment is to close the 
dowser and observe the image of 
the coils formed on the fire shutter 
through a small hole in the center 
of the dowser. For the mirror 
adjustment it is not important that 
this hole be exactly in the optical 
axis. With the lamp operated at 
normal current, the mirror may be 
moved into a position where an 
image of the reflected coils will 
be observed. The mirror is moved 
back and forth until this image is 
of the same size as the image of the filaments. It is then slightly tilted 
or moved laterally and vertically until the image of the reflected coils 
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Fig. 44- 
fi lament and 



Pinhole images of lamp 
reflected coils on fire 



shutter for observation in setting mir 
rored reflector. 
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appears in the spaces between the coils of the filament image, as shown 
in Fig. 44. On some of the theater projection machines the lamp house 
may be moved to one side. In this case, the image of the coils coming 
through the dowser hole may be shown greatly enlarged against the 
wall of the projection room, making it easier to observe the position 
of the reflected coils. It is very important that the two images be ad- 
justed to the same size. It will be noted that the image of the reflected 
coils is inverted and reversed; the right segment of the direct image 
shows as the left segment of the reflected coils. 

The mechanism of a motion picture projector always causes some 
vibration, hence all clamping screws must be kept tightened to preserve 
the alignment of the optical elements. The adjustments should be 
examined from time to time, and in case a lamp is replaced during the 
progress of the performance, the adjustment should be checked at the 
first opportunity. 

Because of the compactness of the portable equipments, it is 
seldom practicable to use the method explained above in focusing the 
mirrored reflector. In the case of the newer equipments fitted with pre- 
focus sockets and using prefocused lamps, it is desirable that the mir- 
rored reflector be rigidly fixed in position by the manufacturer. In the 
case of older equipments the mirror is ordinarily adjustable, and to 

obtain best illumination results, care should be taken in ^ettin<* it 

_ & 

Focusing can be accomplished by holding a black card in back of the 
lens where an image of the filament and mirror are usuallv formed; in 
event the optical system is entirely enclosed, the lens should be removed 
and the card held at the image position — the mirror can then be adjusted 
until its image of the filament is meshed between the first or lens ima^e 
of the filament coils. 

Current Regulation 

Standard theater equipments should have a current regulator designed 
so that for any variation that may be expected in the line voltage, the 
lamp amperage may be held constant. The regulating device should be 
so arranged that in starting the 900-watt, 28-32 volt lamp, about half 
normal voltage is momentarily impressed, causing the heavy filament to 
heat up gradually. An accurate ammeter should be placed in series 
with the lamp, and the 30-ampere point on the meter scale distinctly 
marked so that a deviation from normal current will at once be appar- 
ent. The ammeter should be checked at least every six months. 
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Fig. 45— Complete equipment for adapting Mazda 

lamps to standard projectors. 

On alternating current a transformer-regulator should be used with 
the 900-watt lamp to reduce the circuit voltage to that of the lamp. 
Well designed units of the type shown in Fig. 45 have an efficiency of 
about 90 per cent, making the total wattage required for a 30-ampere 
iamp about 1.000 watts. 

With direct current, either a motor-generator set, a converter, or 

a series rheostat can be employed on commercial lighting and power 

circuits. While the initial installation of a series rheostat is much less 

expensive, this is more than offset by its higher operating cost. In the 

case of the 900-watt lamp operated on a 115-volt circuit, 2,550 watts 

are lost in the rheostat— almost three times the power consumed by the 
lamp. 

A motor generator set together with the alternating current regu- 
lator entails a loss of less than 500 watts with the 900-watt lamp, as 
compared with 2,550 for rheostat operation. 

A rotary converter, for changing direct current to alternating cur- 
rent, combines the two windings of the motor-generator set on one 
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rotor: the cost is less, and efficiency is higher than for the motor-gen- 
erator set. The energy loss in both the converter and an alternating cur- 
rent regulator is only about 350 watts. 

Most of the portable projectors employ lamps of standard circuit 
voltage— 110. 115 and 120 volts. These require no regulating equip- 
ment, but lamps of the voltage rating corresponding to that of the cir- 
cuit on which they are employed should of course he used. In the 
case of the small portable units employing the 200- watt, 50-volt 
lamp, the use of a series resistance is more practical than a transformer 
since this is universally applicable to either alternating or direct current 
i ircuits. For the best results with the 50-volt lamp, the series resistance 
should be variable, and an ammeter should he provided to enable proper 
adjustment to the circuit voltages. 
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APPENDIX 

The following tables show the relation of the three 
variables in projection, i.e., focal length of objective 
lens — projection distance, and picture size. When the 
values of any two are known the third may be readily 
found in the tabulation. 

These tables are particularly useful in connection 
with setting up portable equipment where various limita- 
tions on throw or picture size are encountered. 
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Table III 

Picture Dimensions for Objective Lenses of 
Distances from Screen, Lantern Slide with 



Various Focal Lengths and 
2*4 " x 3 Matte Opening 
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Table IV 

Picture Dimensions for Objective Lenses of Various Focal Lengths 

Distances from Screen — 16-mm. Motion Picture Film 
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NOTE 

Because of limitations in the size of 
light source used in these projectors, 
the brightness of the picture is too low 
for satisfactory viewing if the throw 
is much greater than 25 feet. 



53 



APPENDIX 



Table V 

Picture Dimensions for Objective Lenses of Various Focal Lengths and 

Distances from Screen — 35-mm. Film 
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I Height 

/Width 
/Height 

V\ nlll! 

Height 

/Width 
Height 



/Width 
Height 



W Kill. 

I Height 

/Width 

I I eight 

V\ idlh 

I I eight 

/Width 
/Height 

Width 

/Height 

/Width 
/Height 

\\ idtfa 

Height 



/Width 
/Height 

Width 
Height 

Width 
Height 

Width 

Height 

/Width 
Height 

/Width 
I Height 



Table V — (Continued) 
Dimensions for Objective Lenses of Various Focai 

Distances from Screen — 35-mm. Film 



Lengths and 



THROW IN FEET 



t>:> 



70 



75 



an 



85 



<)0 



95 



100 



105 



1 10 



115 



120 



125 



16'- 9" 
12'- 7" 

15'- 8" 
11'- 9" 



14'- 
11'- 

13'- 
10'- 

13'- 
9'- 

12'- 
9'- 

11'- 
8'- 

11'- 
8'- 

10'- 
8'- 

10'- 

7'- 

9'- 

T- 

9'- 
7'- 

9'- 
6'- 



8" 
0" 

9" 
4" 

0" 
9" 

4" 

3" 

9" 
9" 

2" 
4" 

8" 
0" 

2" 
8" 

9" 
4" 

4" 
' 



0" 
9" 



18'- 1" 
13'- 7" 

16'-10" 
12'- 8" 

15'- 9" 
ll'-lO" 

14'-10" 
11'- 2" 

14'- 0" 
10'- 6" 

13'- 4" 
10'- 0" 

12'- 7" 
9'- 6" 



12'- 
9'- 

11'- 
8'- 



0" 
0" 



19'- 4" 
14'- 6" 

18'- 1" 
13'- 7" 

16'-11" 
12'- 8" 

15'- 11" 
12'- 0" 

15'- 0" 
11'- 3 



20'- 8" 
15'- 6" 

19'- 3" 
14'- 6" 

18'- 1" 

i.r- 7" 

17'- 0" 
12'- 9" 

16'- 0" 
12'- 1" 



1 r- 3" 

10'- 8" 

13'- 6" 
10'- 2" 

12'-11" 
9'- 8 



6 

7" 



11'- 0" 

8'- 3" 

10'- 6" 
7'-ll" 



8'- 8" 
6'- 6" 

8'- 4" 
6'- 3" 

8'- 1" 
6'- 0" 

7'- 9" 
5'-l0" 

7'- 6" 
5'- 8" 

7'- 3" 
5'- 6" 

7'- 1" 
5'- 4" 

6'-10" 
5'- 2" 

6'- 8" 
5'- 0" 

6'- 6" 
4'-10" 



10'- 

7'- 

9'- 
7'- 



1" 

7" 

8" 
3" 



9'- 4" 



'- 0" 



9'- 0" 
6'- 9" 

8'- 8" 
6'- 6" 

8'- 5" 
6'- 3" 

8'- 1" 
6'- 1" 

7'- 10" 
5'-ll" 



12'- 4" 
9'- 3" 

11'- 9" 
8'-10" 

11'- 3" 
8'- 5" 

lO'-lO" 
8'- 1" 

10'- 5" 
7'- ID" 

10'- 0" 
7'- 6" 

9'- 8" 
7'- 3" 



15'- 2 
11'- 5" 

14'- 5" 
lO'-lO" 

13'- 9" 
10'- 4" 

13'- 1" 
9'-10" 

12'- 7" 
9'- 5" 

12'- 0" 
9'- 0" 



7' 
5' 



7" 
9" 



7'- 5" 
5'- 6" 

7'- 2" 
5'- 5" 

7'- 0" 
5'- 3" 



9' 
7' 

9' 
6' 

8' 
6' 

8' 
6' 



4" 

0" 

0" 
9" 

9" 
6" 

5" 
4" 



ir 

8' 

ir 

8' 



6" 
8" 

L" 
4" 



10'- 8" 
8'- 0" 

10'- 3" 

7'- 9" 

9'-ll" 

7'- 5" 

9'- 7" 
7'- 2" 



9'- 
7'- 

9'- 
6'- 



8'- 2" 
6'- 1" 

7'-ll" 
5'-ll" 

7'- 8" 
5'- 9" 

7'- 6" 
5'- 7" 



3" 
0" 

0" 
9" 



9fl' 

15'- 


• 4" 


'91' 

16'- 


" O 

3" 


19'- 
14' 


• 2" 
5" 


9fV' 

15'- 


3" 


18'- 
13'- 


1" 

7" 


1 Q' 

14'- 


1 

4" 


17'- 
12'- 


0" 
9" 


1 

lo - 

13'- 


1 

6" 


16'- 
12'- 


2" 
1" 


1 i - 

12'- 


1 " 

10" 


15'- 
11'- 


4" 

6" 


16'- 
12'- 


3" 
2" 


1 4'- 
11'- 


7" 
0" 


15'- 
11'- 


5" 
7" 


13'- 
10'- 


11" 

6" 


14'- 
11'- 


9' 
1' 


1 3'- 
10'- 


4" 
0" 


14'- 
10'- 


1" 

7" 


12'- 
9'- 


9" 
7" 


1 V- 
10'- 


6" 

2" 


12'- 
9'- 


3" 
2" 


13'- 
9'- 


0" 
9" 


11'- 9" 
8'-10" 


12'- 
9'- 


6" 
4" 


11'- 

8'- 


4" 
6" 


12'- 
9'- 


0" 
0" 


lO'-ll" 

8'- 2" 


11'- 
8'- 


7" 
8" 


10'- 7" 
7-11" 


1 1'- 

8'- 


2" 
5" 


10'- 


3" 
8" 


lO'-lO" 
8'- 1" 



21'- 5" 
16'- 1" 

20'- 2" 
15'- 2" 

19'- 0" 
14'- 3" 

18'- 1" 
13'- 7" 



22'- 7" 
16'-11" 

21'- 3" 
15'-11" 

20'- 1'' 
15'- 1" 

19'- 0" 
14'- 3" 



17'- 1" 18'- 1" 
12'-10" 13'- 7" 



16'- 4" 
12'- 3" 

15'- 7" 
11'- 8" 

14'11" 
11'- 2" 

14'- 3" 
10'- 9" 



17'- 2" 
12'-1 L" 



16'- 5 
12'- 4" 



15'- 
1 1'- 

15'- 
II' 



8" 
9" 



22'- 4" 
16'- 9" 

21'- 1" 
15'-10" 

20'- 0" 
15'- 0" 

19'- 0" 
14'- 3" 

18'- 1" 
13'- 7" 

17'- 3" 
12'-11" 



16'- 
12'- 



6" 
4" 



23'- 5" 
17'- 7" 

22'- 1" 
16'- 7" 

20'-ll" 
15'- 8" 

19'-11" 
14'-10" 

18'-11" 
14'- 2" 

18'- 0" 
13'- 7" 

17" 3" 
12 -11" 



23'- 1" 
17'- 4" 

21'-10" 
16'- 5" 

20'- 9" 
15'- 7" 



24'- I" 
18'- 1" 

22'-10" 
17'- 1" 

21'- 8" 
16'- 3" 



19'- 9" 20'- 8" 
14'-10" 15'- 6" 



3 



l.V-10 
I L'-IO 



13'- 8" I I'- 5 
10'- 3" lO'-lO 



13'- 2" 
9'-ll" 

12'- 8" 
9'- 6" 



9'- 2 



8'- 9" 
6'- 6" 

8'- 5" 
6'- 4" 

8'- 3" 
6'- 2" 

8'- 0" 
6'- 0" 



9'-10" 
7'- 5" 

9'- 7" 
7'- 2" 

9'- 3" 
6'-ll" 

9'- 0" 
6'- 9" 

8'- 9" 
6'- 7" 

8'- 6" 
6'- 4" 



10' 

r 

10' 

7' 



5" 
10" 

1" 

7" 



9'-10" 
7'- 4" 

9'- 6" 
7'- 2" 

6'-ii" 

9'- 0" 
6'- 9" 



l'-lO" 
8'-ll" 

1'- 5" 
8'- 7" 

11'- 0" 

8'- 3" 

10'- 8" 
8'- 0" 

10'- 4" 
7'- 9" 



13'- 11" 
10'- 5" 

13'- 4" 
10'- 0" 

12'-11" 

9'- 8" 



15'- 2" 
11'- 



:>" 



16'- 6 



18'-11" 
14'- 2" 

18'- 1" 
13'- 7" 



17'- 4 



ft 



12'- 5" 13'- 0" 



19 7 - 8" 
14'- 9" 



18'-10" 
14'- 2 



15-11" 16'- 



I I'-l I 



14'- 7" 15'- 3 



lO'-U 



ir- 5 



12' 
9' 

12' 
9' 

11' 

8' 

11' 

8' 



5" 
4" 

0" 
0" 

8" 
9" 

3" 
5" 



10' 

7' 

9' 
7' 



1" 

6" 



9 
4" 



io'-h" 

8'- 2" 

10'- 7" 
7'-ll" 

10'- 4" 
7'- 9" 



9'- 6" 
7'- 1" 



14'- 0" 
10'- 6" 

13'- 6" 
10'- 2" 

13'- I" 
9'- 9" 

12'- 7" 
9'- 5" 

12'- 2" 
9'- 2" 

ll'-10" 
8' 10" 

11'- 6" 

8'- 7" 

11'- 1" 11/ 

8'- 4" 8' 

lO'-lO" IF 
8'- 1" 8' 



14'. 9" 
11'- 1" 

14'- 2" 
10'- 7" 

13'- 8" 
10'- 3" 

13'- 3" 
9'-ll" 

12'-10" 
9'- 7" 

12'- 5" 
9'- 4" 

12'- 0" 
9'- 0" 



12'- 

16'- 
12'- 



7" 
6" 

0" 

0" 



10'- 0" 10'- 6" 



8" 
9" 

4" 
6" 



15'- 5" 
11'- 6" 

14'-10" 
11'- 1" 

14'- 4" 
10'- 9" 

13'-10" 
10'- 4" 

13'- 5" 
10'- 0" 

12'-11" 
9'- 9" 



18'- 1" 
13'- 7" 

17'- 4" 
13'- 0" 

16'- 8" 
12'- 6" 

16'- 0" 
12'- 0" 

15'- 6" 
11'- 7" 

14'-11" 
11'- 2" 



15'- 

ir- 

14'- 5" 15'- 
10-10" 11'- 



23'- 9" 
17'-10" 

22'- 7" 
16'-11" 

21'- 6" 
16'- 1" 

20'- 6" 
15'- 5" 

19'- 7" 
14'- 9" 

18'-10" 
14'- 1" 

18'- 1" 
13'- 7" 

17'- 4" 
13'- 0" 



16'- 8" 
12'- 6" 

16'- 1" 
12'- 1" 



14'- 0" 
10'- 6" 

13'- 6" 
10'- 2" 



6" 
8" 

0" 

3" 



12'- 7 
9'- 5 



// 
ft 



13'- 1 
9'-l() 



ft 



7'- 6 



7'-lO 



11'- 0" 

8'- 3" 



12'- 2" 
9'- 2" 

ll'-lO" 
8'- 11" 

11'- 6" 
8'- 8" 



12' 
9' 

12' 
9' 



14'- 6" 
lO'-ll" 

14'- 1" 
10'- 7" 

13'- 8" 
10'- 3" 



9" 13'- 3" 
7" 9'-ll" 



4" 

3" 



12'- 0" 
9'- 0" 



i2'-ii" 

9'- 8" 

12'- 6" 
9'- 5" 



BULLETINS OF THE NATIONAL LAMP WORKS 



7D — Fundamentals of Illumination 

This bulletin presents the principles of light— its measurement, its control 
and distribution— together with essentials of illumination design.— 60 Pages. 
Illumination Terms, a supplement to Bulletin 7D, is a dictionary of light- 
ing terms. — 56 pages. 

SSC — Picture Projection with Mazda Lamps 

A practical discussion of the principles of Mazda lamp projection sod their 
application. — 56 pages. 

41D — Illumination Design Data for Commercial and Industrial Interiors 

ThU bulletin presents a simple method of illumination design adapted to 
general lighting systems where standard equipment is to be used. Charts and 
tables simplify the method and make for accuracy in the design.— 36 pages. 



42B 



44A 



Factory Lighting Designs 

Ready-made illumination plans for the more common bay sizes found in 
industrial interiors are presented in this bulletin. — 48 pages. 

Incandescent Lamp Temperatures 

Data on operating temperatures of lamps, wiring parts, and fixtures.— 
36 pages. 



45A 



46A 



47A 



Lighting Designs for Stores 

esents lighting recipes for a number of typical store interiors, with designi 
d notes on lighting of the display windows. — 48 pages, 

Street Lighting Designs 

Simple recipes are given for the lighting of business, thoroughfare, and 
residence streets for cities of various sizes. — 20 page*. 

-Home Lighting Fundamentals 

A practical guide for lighting the home, replete with sketches illustrating 
the use of various types of lighting fixtures to obtain desirable lighting effects 
in the different rooms. — 32 pages. 

"Heetrical Advertising — Its Forms, Characteristics, and Design 
This bulletin contains a discussion of the requirements, characteristics, and 
adaptabilities of the principal forms of electrical advertising, and simple 
approximate rules to guide the sign user and builder. — 48 pages. 

ght lighting for Outdoor Sports 

This^ bulletin discusses the various types of equip^m auu rivcb 
hensive lighting plans for tennis, volley ball, race tracks, bathing beaches, 
and a number of other common outdoor recreations. — 24 pages. 

52 — Photographic Lighting with M\zda Lamps 

Analyzes the requirements, describes the equipment, and illustrates the results 
obtained with Mazda lamps in portrait and commercial photography. — 64 
pages. 



SOA 



51 




n Lighting 

Pertinent to the general interest and widespread activities in farm electrifica- 
tion, this bulletin presents lighting recommendations which are practical and 
satisfactory for the various farm buildings and the farm home. — 36 



pages. 



54 — Floodlighting 

Presents a comprehensive design procedure together with suggestions on 
floodlighting effects, equipment, and equipment location. — 48 pages. 



Many other publications are available, dealing with specific phases of lighting 
— schools, hotels, stages, printing plants, cotton mills, automobile hcadlighting, 
Christmas lighting, maintenance, airway roof signs, etc. When requesting pub- 
lications, please state the subjects in which you are interested 
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